INTRODUCTION
THE present research has explored two issues which are relevant to the understanding of the mechanisms underlying apraxia. The first was whether a distinction can be drawn between disorders affecting the retrieval of the overall memory image of the gesture and disorders affecting its implementation in a sequence of stimuli apt to excite the motor centres. Since apraxia is frequently examined by asking the patient how he would use an object, it is important to know to what extent is the deficit due to the inability to evoke the appropriate gesture or to the faulty transmission of information to the executive neurons. Patients with the former, but not the latter type of deficit, should benefit from the presentation of the model of the movement and would consequently be expected to improve their performance on imitating gestures executed by the examiner in comparison to gestures elicited by the presentation of an object and the request to pantomime its use. In principle, it would be desirable to employ the same actions for both tasks, but we preferred to test imitation with a series of gestures unrelated to object use, because the motor patterns of pantomimes are not sufficiently differentiated to tap a wide range of limb and finger postures (consider, for instance, how similar are the actions of demonstrating the use of a key and a screwdriver). Also, when the examiner pantomimes object use out of context, one can by no means be sure that the meaning of the movement will be decoded by the patient. This introduces an element of ambiguity in the patient's performance which sometimes will turn into the reproduction of a familiar gesture and sometimes into the imitation of a meaningless visuospatial pattern. We tested, therefore, the evocative aspect of the movement, requiring patients to pantomime the use of objects that were seen, but not handled, and imitation, with a test made up of symbolic and nonsymbolic intransitive movements executed by the examiner. This test had shown in a previous study (De Renzi et al., 1980) to be sensitive to unilateral brain damage, without any noticeable difference between symbolic and nonsymbolic gestures, gestures involving finger movements and total hand movements and gestures requiring to hold a position and to carry out motor sequences.
The second issue we investigated stemmed from Liepmann's (1905) interpretation of apraxia as a disorder resulting from the interruption of the pathways connecting the sensory association areas, where the stimulus eliciting the gesture is processed, with the centre where the motor programme is triggered. It follows from this theory that a strategically placed lesion which disconnects selectively the Wernicke area, the visual associative area or the tactile associative area, from the executive centre, should hinder the transfer of information in one modality but not in others. The patient, for instance, may be unable to pretend to use an object when it is presented visually, but can carry out correctly the same gesture on verbal command, or when he handles the object without seeing it, provided the lesion is so localized as to interrupt the occipital fibres and leave the temporal and parietal fibres intact.
A perusal of the literature shows that apraxia restricted to one modality has been convincingly demonstrated only for verbal commands, which were the only ones found to be impaired in the left hand of a patient with callosal damage (Geschwind and Kaplan, 1962) and of epileptics who underwent commissurotomy (Gazzaniga et al., 1967; Zaidel and Sperry, 1977) and in both hands of three patients suspected of having a lesion in the left inferior parietal lobule (Heilman, 1973) . It is of course mandatory in such cases to provide evidence that the patient is able to decode the meaning of commands and that the motor deficit cannot be attributed to aphasia.
Case reports of selective impairment in other modalities are much rarer and seldom exhaustively described. Assal and Regli (1980) have recently published a careful report of a patient whose praxic performance changed dramatically according to whether objects were verbally identified or not: he handled them and pantomimed their use on visual presentation correctly, if the examiner provided their names, but failed in the absence of a verbal aid. Also, Patient 24 of Morlaas's (1928) series would appear to present a verbal-visual dissociation, in that he performed flawlessly on verbal command, but could not imitate. An impairment confined to the tactile modality is, on the other hand, suggested by Klein's (1924) patient who demonstrated correctly the use of objects presented visually, but remained blocked when he handled them and by Brown's (1974) Patient 8 who performed better when he had to demonstrate the use of an object to verbal command than when he handled it.
It is difficult to reach a firm conclusion from the scanty empirical evidence provided by the literature. We decided, therefore, to investigate systematically the ability of patients with left brain damage to demonstrate the use of the same 10 objects, once in response to verbal commands alone, once in response to their visual presentation, without any actual manipulation, and once in response to their handling in the absence of verbal and visual clues. Our aim was to ascertain whether there were patients who showed an exceedingly poor performance in one modality as compared to the others.
MATERIAL AND METHODS

Subjects
Two hundred and twenty right-handed patients participated in this investigation. Seventy were patients admitted to the wards for diseases not involving the brain and not impairing the movements of the upper limbs. One hundred and fifty were patients admitted to hospital for a lesion affecting the left hemisphere, as judged from medical history, clinical examination and the available neuroradiological evidence. The mean age of the two groups was: controls = 51.54, left hemisphere patients = 54.75 y. The most common aetiology in brain-damaged patients was vascular disease (61 per cent), followed by tumour (37 per cent) and trauma (2 per cent). Most of the cerebrovascular patients were examined ten to thirty days after the stroke; approximately half of the tumour patients were tested preoperatively and half postoperatively.
Tests
All the patients were given four tests: one was a movement imitation test and the others were three versions of a use of objects test, each presented in a different modality. Brain-damaged patients were required to perform the tasks with the hand ipsilateral to the lesion in order to prevent any effect due to motor or sensory impairment. Half of the control patients used the right hand and half the left hand, but since no difference emerged in the use of either hand, the scores of the two subgroups were pooled together.
Movement imitation test. This test has been reported previously (De Renzi et al., 1980) and is similar to those described by and Kimura and Archibald (1974) . Briefly, it consists of 24 movements (half of them were symbolic and half nonsymbolic, half involved independent finger movements and half whole hand movements, half required holding a static position and half the execution of motor sequences), which were performed slowly by the examiner in front of the patient for him to reproduce immediately afterwards. If an item was not reproduced flawlessly on the first presentation, a second trial was given and if this too failed, a third example was presented. The patient's performance was scored 3,2, 1, 0, depending on whether it was correct on the first, second or third presentation or never succeeded. The maximum score was 72. One left brain-damaged patient could not be examined. Thus the number of left brain-damaged patients taking this test was 149, not 150.
Use of objects test. This test required the patient to demonstrate the use of the following 10 objects: hammer, fan, glass, revolver, eraser, screwdriver, fork, saw, comb and key. Only brain-damaged patients able to pass a preliminary pointing test, in which they had to identify by name all the 10 objects set out in front of them, were considered eligible for the investigation. This selection aimed to make sure that the patient would understand the command, when the use of objects test was given in the verbal modality.
The test was repeated three times, each time with a different mode of presentation of the stimulus. The procedure was as follows:
Verbal modality. No object was present. The patient was told 'Pretend to hold a hammer and show me how you would use it.' The same kind of verbal instruction was given for the other 9 objects.
Visual modality. The 10 objects were put on the table, one at a time, at a certain distance from the patient and he was told 'Show me how you would use it.' The object could not be touched.
Tactile modality. The patient was blindfolded, handed the object in the appropriate orientation and required to show how he would use it.
The order of presentation of the three modalities varied from patient to patient to counterbalance the effects of practice and fatigue. Also the order of presentation of items varied from modality to modality.
Score. Two points were given for a correct execution. If the requested movement was inadequate, the command was repeated and a score of 1 was given for a correct performance. Failure also on the second presentation was scored 0. Whenever in the verbal and visual modality the patient used his hand or fingers to represent the intended object, for example, hammering with his fist on the table, when requested to show how he might use a hammer, the performance was considered defective (Goodglass and Kaplan, 1963) .
Two buffer items were given before the examination started with the aim of explaining to the patient the nature of the task and the meaning of the command 'show how you would use it'. He was requested to pretend to smoke a cigarette and to throw a stone. If he failed, the examiner pantomimed the gesture and asked the patient to repeat it.
All the tests were given in a single session, which never took more than thirty to forty minutes.
RESULTS
Two sets of analyses were carried out. One dealt with the two visually presented tests-imitation of movements and use of objects in the visual modality-and aimed at determining the occurrence of a dissociation in performances carried out in the same modality as a function of whether the gesture was shown by the examiner or had to be evoked from memory. The other dealt with the verbal, visual and tactile versions of the use of objects test and aimed at detecting a modality-specific impairment. Thus the visual version of the use of objects test entered into both analyses.
Performance on the Two Visual Tests
No control patient scored below 53 on the imitation test and below 18 on the use of objects test in response to visual stimulation. It is worth emphasizing that the score for the imitation test almost exactly replicates the poorest score (52) found by De Renzi et al. (1980) in 100 control patients. The percentage of the normal population performing at or above the poorest scores of the 70 control subjects of the present study can be estimated by computing the one-sided distribution-free beta-content tolerance limits (Guttman, 1970) . It was found to be at least 95 per cent with a probability greater than 0.97. Therefore, these two scores were taken as the cutting scores, defining a pathological performance in brain-damaged patients. On the basis of this criterion, 48 (32 per cent) left hemisphere patients were defined apraxic on the imitation test, and 51 (34 per cent) on the use of objects test. The incidence of apraxia found in our left brain-damaged sample is in good agreement with the figures reported in previous researches. There were 33 out of 100 patients with disease restricted to the left hemisphere scoring below 53 in the study of De Renzi et al. (1980) who employed the same imitation test and 28 per cent of left brain-damaged patients failed on a test requiring the actual use of objects in the study of De Renzi et al. (1968) .
It is apparent that the diagnostic power of the two tests is approximately the same in the left brain-damaged sample, the percentage of apraxics being 32 per cent in the imitation test and 34 per cent in the use of objects tests. Does this mean that the tests identify the same patients as apraxic? Table 1 summarizes the distribution of left brain-damaged patients above and below the cutting scores of the two tests and confirms the results of a previous study (De Renzi et al., 1968) showing that approximately the same number of patients have a dissociation between the two performances in either direction. The coefficient kappa proposed by Cohen (1960 Cohen ( , 1968 for nominal scales was computed on the frequencies of Table 1 to measure the index of agreement between the classification obtained with the two tests. It was found to be 0.57, a value significantly different from 1 (z: 5.95, P < 0.001); thus the number of patients who were differently classified was greater than that expected by chance. The signs -and + indicate the absence or presence of apraxia on the imitation test (Im) and the use of objects test (Use)
The above analysis leaves unanswered, however, the question of the size of the discrepancy between the two performances and does not take into account patients who, though being apraxic on both tests, failed on one test disproportionally more than on the other. Accordingly, we computed for each subject the difference between the two scores, after having divided the movement imitation scores by 3.60 in order to make the two scales comparable (72:20 = 3.60). In control patients the mean difference between the movement imitation score and the use of objects score was -0.92; the SD was 1.07, but it is scarcely informative because of the skewed distribution of scores. The negative sign of the mean indicates that controls tended to have a comparatively poorer performance on the former than the latter test. The difference was negative in 56 subjects, zero in 12 and positive in 2. The highest negative score obtained by a control patient was -5.28 and the highest positive score was 1. It can be stated with a confidence > 0.97 that no more than 5 per cent of the normal population exceeds the highest positive score of 1 (Guttman, 1970) . This proportion was compared with that found in the left hemisphere sample. There were 33 patients with a score greater than 1 and their percentage (22 per cent) with respect to the total group of left brain-damaged patients is significantly greater than 5 per cent (P < 0.001). Since we were interested in patients showing a striking positive discrepancy, we arbitrarily chose to identify them with a cutting score of 5, which is five times the highest positive score found in controls and corresponds to a difference greater than 25 per cent of the total scale. There were 13 such patients and their raw scores are reported by Table 2 , together with the values of the corrected score difference. We do not know which percentage of normal controls may be expected to exceed the score of 5, but certainly it is much lower than 5 per cent. At any rate, the proportion of left brain-damaged patients with a striking positive difference is significantly greater (P < 0.02) even when compared with that of 5 per cent. 
Performance on the Three Use-of-Objects Tests
The great majority of control patients performed perfectly on the three tests, the means being 19.53, 19.80 and 19.91 for the verbal, visual and tactile tests, respectively, and the poorest score being 18 for all of the three tests. The means of left brain-damaged patients were 15.77 for the verbal, 15.98 for the visual and as 17.39 for the tactile test. Fifty-nine (39 per cent) left brain-damaged patients fell below the controls' poorest score on the verbal test, 51 (34 per cent) on the visual test and 31 (21 per cent) on the tactile test. The number of left brain-damaged patients who failed on at least one test was 64. To ascertain whether the percentages of apraxics indicated by the three tests were significantly different in left braindamaged patients, the method described by Grizzle et al. (1969) and Koch et al. (1977) was used and multiple comparisons were carried out with a Scheffe-type procedure (Goodman, 1964) . As predicted by many clinical observations a gesture was better performed by left brain-damaged patients under the guidance of tactile cues than when the information was given verbally or visually (x 2 : T vs Ve = 30.55, P < 0.001; T vs Vi = 19.56, P < 0.001), while the two last conditions did not differ significantly from each other (x 2 : Ve vs Vi = 3.65, P : n.s.).
To verify whether there were patients who failed on one test in a degree disproportionate to their performance on either or both of the other two tests, we used the same criterion adopted in the previous analysis, namely, a difference of more than 5 points between one score and either of the other two (no control patient had a difference greater than 1). Twenty-three of the 64 left brain-damaged patients showed a discrepancy on at least one test. Table 3 groups them for the test in which they were selectively impaired. Seven patients failed disproportionately on two tests and are, therefore, reported in two sections of the Table, which explains why the number of patients is 30 and not 23.
Failure on the verbal test. Eight patients performed on the verbal test more poorly than on the tactile test and 6 were impaired with respect to both the tactile and the visual test. All of them were aphasic, but in at least 5 the comprehension disorder was mild and could hardly be taken as responsible for the defective execution of gestures. It must be added that 6 patients of this group also failed when the object was presented visually in comparison to when it was presented tactually, thus showing that the disorder was not contingent upon a defective processing of verbal information. Failure on the visual test. Seven patients failed on this test with respect to the tactile test, 1 with respect to the verbal test and 6 with respect to both the tactile and the verbal tests. Ten of them had right hemianopia or quadrantanopia.
Failure on the tactile test. Two patients had this type of dissociation. One was a 47-year-old patient with a frontotemporoparietal infarct, evidenced by CT scan, who presented with Wernicke's aphasia, minimal hemiparesis, moderate hemianaesthesia of the right hand and no visual field defect. He was apraxic on all tests (imitation: 43, verbal: 10; visual: 9; tactile: 4), but more severely so when requested to handle objects. The second patient, a 53-year-old woman, had been operated upon one month earlier with complete removal of an enormous left intraventricular meningioma. She presented with a typical posterior parietal syndrome: severe alexia and agraphia, mild receptive aphasia, finger agnosia, left-right disorientation, constructional apraxia, right hemianopia, misreaching of the right hand in the left field and defective tactile localization in the right hand, but with no impairment of tactile threshold, two-point discrimination and sense of position. Her apraxia scores were: imitation = 35, verbal = 16, visual = 18, tactile = 12.
DISCUSSION
The main outcome of the present study is that apraxia is not a unitary disturbance of movement execution, but variously affects gestures in relation to their nature and the modality through which the instructions eliciting the appropriate motor response are conveyed.
The relevance of task features to the genesis of the deficit is pointed out by the dissociation found in some patients between the performance on the two tests which depended on the accurate transmission of visual information, the imitation test and the visual version of the use of objects test. They differ in two aspects. In the imitation test, the complete action is displayed in front of the patient, who must simply copy it; in the visual test, the stimulus hints at the gesture, but does not provide its format, which must be recovered from memory. On the other hand, the gestures requested by the visual test are all over-learned, while half of the imitation test items, those devoid of meaning, are rarely or never practised and tax heavily the patient's ability to order and select new postures, as pointed out by the wide scatter of normal scores. With the tests used in the present investigation, the great majority of control subjects scored slightly poorer on imitating movements than on pretending to use objects. Consequently, the finding that 33 left brain-damaged patients showed a performance difference in the opposite direction and that in at least 13 the discrepancy was striking lends support to the idea that an evocative deficit is in some patients an important component of apraxia. It also supports the view that gesture execution may be disrupted at two different levels, one involving the recollection of how to perform the act, the other involving the implementation of the general idea of the gesture. Such a distinction corresponds to the traditional dichotomy between ideational and ideomotor apraxia, although the former is frequently understood as a deficit in sequencing a series of acts directed to achieve a goal and is, therefore, tested with actions that involve the use of more than one object (Poeck and Lehmkuhl, 1980 ). Yet, if the main problem of these patients resides in their difficulty to evoke the appropriate act, they may be expected to fail also with single objects, although requiring the combined utilization of objects may prove to be particularly exacting for them. In point of fact, the patient reported by Pick (1905) , when he first described ideational apraxia, showed impairment also in the use of single objects. If the inference we draw from our data is correct, then the structures subserving ideational and ideomotor apraxia must be adjacent to each other, as both types of deficit are present in the majority of cases, but do not coincide. Unfortunately, the information available in patients who showed a dissociation between the two tests does not permit us to be more precise on the exact location of lesions.
The second part of the experiment provides evidence that the same type of gesture can be differentially impaired according to the modality involved by the transmission of information. Although the majority of apraxics were impaired on all of the object use tests, there were a number of patients who performed remarkably less well when the stimulus eliciting the motor response was conveyed through one modality as compared to the others. Before accepting the observed discrepancies as evidence that a selective disconnection was produced by the lesion, the possibility that they were contingent upon factors inherent to the procedure used or related to other abilities must be discussed.
The import of the failure on the verbal or the visual test in comparison with the tactile test may be questioned, since the latter mode of presentation was definitely easier, as testified by the fact that only 21 per cent of left brain-damaged patients were found to be apraxic on the tactile test as against 39 per cent on the visual test. This finding is not surprising considering the wealth of somaesthetic information conveyed by the actual handling of an object and the close resemblance of this performance to the situation in which object use was learnt and is practised, in contrast to the artificial and unfamiliar nature of the tasks requiring a pantomime. Moreover, in real life, objects are always manipulated under the guidance of tactile cues, while verbal stimulation is usually absent and also visual control is not a prerequisite for the correct accomplishment of the action, except perhaps in the learning stage. A somewhat better performance on the tactile test was therefore expected and, if kept within certain limits, cannot be considered unconditionally supportive of a selective disconnection. However, in most cases the dissociation was so striking as to be hardly explicable in terms of overall levels of difficulty. For instance, it is difficult to believe that a difference of at least 10 points between the tactile and the visual tests, as exhibited by 7 patients {see Table 3), can be attributed to the differential difficulty of tasks which have exactly the same cutting score in normals. Moreover, the very fact that the tactile test is easier makes it difficult to avoid the conclusion that the two patients who did remarkably less well at it than on the verbal or the visual test showed a genuine form of dissociation. It is worth remembering in this context that since patients used the hand ipsilateral to the lesion, there can be no question as to whether elementary or agnosic deficits were responsible for their failure.
Also a failure specifically affecting gestures to verbal commands may be disputed, maintaining that the deficit was due to aphasia and not to apraxia. We sought to overcome this ambiguity by ensuring that the patients who participated in the experiment were able to understand the names of objects when they were presented in the pointing test, but the possibility remains that a few of them failed to decode the command in the verbal test. This explanation, however, might at most hold for some severe aphasics, but not for patients with mild or minimal comprehension deficits or in the instance where there was unmistakable evidence that the meaning of the word had been grasped: for instance, the patient said 'ah, ah, to drink', when presented with a glass but was unable to demonstrate its use. No reservation can be advanced with respect to the 7 patients showing a greater impairment in the visual than in the verbal modality.
In conclusion, we feel that most of the failures shown by the 23 left brain-damaged patients exhibiting an intermodal dissociation cannot be accounted for except by assuming that apraxia can be modality-specific, namely, contingent upon the selective severing of the pathways linking one sensory association area with the centre where the movement is programmed. The location of this centre, whether in the left inferior parietal lobule, as proposed by Kimura (1979) and Heilman (1979) , or in the left sensorimotor complex (central gyri) as Liepmann (1905) would appear to suggest, is still a matter of debate, as well as the tracing of the precise course of the intrahemispheric fibre bundles transmitting the message to the motor centres. It is conceivable, at any rate, that in the majority of patients the lesion will result in apraxia appearing in every modality, either because it destroys the programming centre or because it interrupts all the pathways connecting it with other sensory or motor areas; however, a discrete injury may well isolate the programming centre from one type of information and render the patient unable to execute the gesture when it is elicited by a given sensory centre but capable of performing it under the guidance of other modalities.
A word of caution is perhaps in order before accepting without reserve our conclusions in that the procedure followed in the present investigation did not entail the repeated examination of the same subject and, therefore, left open the question of the extent to which the observed discrepancies were reliable and stable over sessions. There is still need for the exhaustive description of single cases showing, like that of Assal and Regli (1980) , that an impairment prevailing in one modality does exists. These patients will, however, be detected only if intentionally sought with a comprehensive examination covering a wide range of stimulus conditions. SUMMARY This study investigated the relation of apraxia to the nature of the stimulus which is given to elicit the gesture. Patients were required to perform a movement imitation test and to demonstrate the use of the same ten objects, once on verbal command, once with the object shown but not handled, and once with the object handled but not seen.
One set of comparisons concerned the performance on two tasks involving the visual modality, movement imitation and use of objects presented visually. Although the majority of left brain-damaged patients either failed or passed both tests, there were at least 13 patients who showed an exceedingly poor performance on demonstration of use as compared to imitation. We infer that the distinction between ideational and ideomotor apraxia is warranted.
Another set of comparisons concerned the performance on the use of objects presented in the verbal, visual and tactile modalities. A greater percentage of patients failed on the verbal or visual modalities than on the tactile modality. Out of 64 left brain-damaged patients who were diagnosed as apraxic in at least one modality, 23 had an exceedingly poor score on one test as compared to their score on either or both other tests. Fourteen patients selectively failed on verbal presentation, 14 on visual presentation and 2 on tactile presentation. These findings are viewed as supporting the hypothesis that apraxia results from the disconnection between the areas where information is processed and the areas where the movement is programmed.
